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(57) Abstract: 

The invention is related to a new kind of dithering method for plasma display panels. 
In a former Europena Patent Application a dithering method for the plasma display 
technology has been presented that utilizes a 3-dimensional dither pattern for the 
repeated use in a video sequence. A first dimension corresponds to a number of 
video frames, a second dimension corresponds to a number of video lines, and a 
third dimension corresponds to a number of cells or pixels in a video line. It has 
been found that this dither pattern has for some video levels the drawback of a 
generating a noticeable pattern in homogenous surfaces on the screen that reduces 
the picture quality. 

In order to overcome this drawback the invention proposes a new degree of freedom 
for the dither pattern. Different dither patterns are provided for different entries in a 
number of least significant bits of the data word representing the input video level. 
The invention makes it possible to suppress the disturbing patterns occurring on the 
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The invention relates to a method and apparatus for processing video picture date for 
display on a display device. More specifically the Invention is closely related to a kind 
of video processing for improving the picture quality of pictures which ere displayed 
on matrix displays like plasma display panels (POP) or other display devices where the 
pixel values control the generation of a corresponding number of small lighting pulses 
on the display. 

The Plesma technology now mokes it possible to achieve flat colour panel of large 
size (out of the CRT limitations) and with very limited depth w ithout any viewing angle 
constraints. 

Referring to the last generation of European TV, a lot of work has been mode to 
improve its picture quality. Consequently, a new technology like the Plasma one has to 
provide a picture quality as good or better than standard TV technology. On one 
hand, the Plesma technology gives the possibility of "unlimited" screen size, of 
attractive thickness ... but on the other hand, it generates new kinds of artefacts 
which could degrade the picture quality. 

Most of these artefects are different as for CRT TV pictures and that makes them 
more visible since people are used to see the old TV artefacts unconsciously. 
A Plesma Display Panel (POP) utilizes a matrix array of discharge cells which could 
only be "ON" or "OFF". Also unlike a CRT or LCD in which grey levels are 
expressed by analogue control of the light emission, a PDP controls the grey level by 
modulating the number of light pulses per frame (sustain pulses). This time-modulation 

will be integrated by the eye over a period corresponding to the eye time response. 



26-2 



PATENT APPLICATION 

i 

Since the video amplitude determines the number of light pulses, occurring at a given 
frequency, more amplitude means more light pulses and thus more "ON " time : For 
this reason, this kind of modulation is also known as PWM, pulse width modulation. 
This PWM is responsible for one of the POP image quality problems: the poor grey-, 
scale portrayal quality, especially in the darker regions of the picture. This is due to 
the fact, that the displayed luminance is linear to the number of pulses, but the eye 
response and its sensitivity to noise is not linear. In darker areas the eye is more, 
sensitive than in brighter areas. This means that even though modern PDPs can 
display e g: 255 discrete video levels for each colour component R,G,B, the 
quantisation error will be quite noticeable in the darker areas. Further on, the 
required degamma operation in PDP displays, increases quantisation noise in video 
dark areas, resulting in a perceptible lack of resolution. 

There are known some solutions which use a dithering method for reducing the 
perceptibility of quantisation noise in PDP's. 

From a former European Patent Application of the applicant having the number 
00250099.9 it is known to use a 3-dimensional static dither patterns for the cells of 
a plasma display panel to improve the grey scale rendition. The three dimensions 
corresponding to a number of frames, a number of lines and a number of columns 
on the PDP. With this pattern for some video levels some checked patterns could be 
seen in homogenous surfaces that reduce the picture quality. 

From EP-A-0 994 457 it is known to store a set of dither patterns in memory and 
to select the right dither pattern in dependence on time data (field data) and 
positional data indicating the locations of the pixels on the display panel. In another 
embodiment different dither patterns are used independence on what video level an 
input data word represents. The different video level ranges are e.g. defined to be 0 
;.. 15, 16 ... 31, 32 ... 47, and 48 63. 

From US-A-6,069,609 it is known to store in memory a number of different dither 
patterns called 'dither types'. These dither patterns are selected with the 5 higher bits 
of an 8 bit input data word and the three lower bits determine which of the eight 
dither values from the dither type needs to be taken for dithering. 

To overcome the drawback of reduced picture quality when using a static 

3- dimensional dither pattern, the present invention, reports a dithering technique that 
makes use of different dither patterns for different entries in a number of least 
significant bits of the data word representing the input video level. In case that the 
dither patterns itself are also 3-dimensional, the invention utilises quasi a 

4- dimensional dither pattern with the fourth dimension being the entries in a number 
of least significant bits of an input video level date word. The invention makes it 
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possible to suppress the disturbing patterns occurring on the plasma screen when 
using the 3~dimensional dither pattern. 

Further advantageous embodiments are apparent from the dependent claims. 

The input data words need to be transformed in a form where they have more bits 
than necessary for the final bit resolution that is required in the subsequent sub-field 
coding process. The bit resolution needs to be increased corresponding to the bit 
resolution for the dithering process. 

This transformation can advantageously be done in a degamma calculation step in 
which the input video levels are amplified in order to compensate for the gamma 
correction in the video source. 

In cases where the set of admissible input video levels is restricted, for the purpose 
of optimising the sub^ield coding process by taking only those video levels to which 
sub-field code words are assigned that are less sensitive to the dynamic false 
contouring, the transformation can also be done in a rescaling step where the data 
words for the reduced set of video levels are translated into data words having less 
bits. 

For an apparatus for processing video pictures according to the invention it is 
advantageous when the dither unit comprises a table of different dither patterns for 
different entries in a number of least significant bits of the data word representing the 
input video level and a selector that assigns to a given video level one of the dither 
patterns stored in the table. This is a simple implementation of the invention. 

Further advantageous is if for each colour component R, G, B of the input video 
signal a dedicated table of dither patterns is provided in the dither unit. This allows 
to use a single clock signal, e.g. pixel clock for dither number retrieval in the 
dithering process. 

Exemplary embodiments of the invention are illustrated in the drawings and are 
explained in more detail in the following description. 

In Fig. 1, the general concept of light generation in plasma display panels is 
illustrated. As mentioned before, a plasma cell can only be switched on or off. 
Therefore, the light generation is being done in small pulses where a plasma cell is 
switched on. The different colours are produced by modulating the number of small 
pulses per frame period. To do this a frame period is subdivided in so called 
sub-fields SF. Each sub-field SF has assigned a specific weight which determines how 
many light pulse are produced in this sub -field SF. Light generation is controlled by 
sub-field code words. A sub-field code word is a binary number which controls 
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sub-field activation and inactivation. Each bit being set to 1 activates the 
corresponding sub-field SF. Each bit being set to 0 inactivates the corresponding 
sub-field SF. In an activated sub-field SF the assigned number of light pulses will be 
generated. In an inactivated sub-field there will be no light generation. A typical 
sub-field. organisation with 12 sub-fields SF is shown in Fig. 1. The sub-field weights 
are listed at the top of the figure. 

The frame period is illustrated slightly longer than all the sub-field periods together.. 
This has the reason that for non-standard video sources the video line may be 
subject of jittering and to make sure that all sub-fields SF fit into the jittering video 
line, the total amount of time for all sub-fields SF is slightly shorter than a standard, 
video line. 

For clarification, a definition of the term sub-field is given here: A sub-field is a 
period of time in which successively the following is being done with a cell:l. There is 
a writing/addressing period in which the cell is either brought to an excited state with 

a high voltage or with lower voltage to a neutral state. 

2. There is a sustain period in which a gas discharge is made with short voltage 
pulses which lead to corresponding short lighting pulses. Of course only the cells 
previously excited will produce lighting pulses. There will not be a gas discharge in 
the cells in neutral state. 

3. There is an erasing period in which the charge of the cells is quenched. 



In some specific plasma driving schemes (NFC coding) the addressing or erasing 
periods are not present in each sub-field. Instead, a selective addressing / erasing is 
performed ahead or after a group of sub-fields. 

As mentioned before, plasma uses PWM (pulse width modulation) to generate the 
different shades of grey. Contrarily to CRTs where luminance is approximately quadratic 
to the applied cathode voltage, luminance is linear to the number of discharge pulses 
in PDPs. Therefore, an approximately quadratic gamma function has to be applied to 
the input video signal components R,G,B before the PWM. 

The effect of this gamma function on the input video data is shown in the following 
table, where a quadratic gam m a function is applied (calculated with 16-bit resolution). 
After applying the quadratic degamma function to the input video data, in the next 
column the effect of this degamma function is depicted. The numbers in this column 
were achieved after dividing the quadratic numbers in the previous column by 256 
and truncation. By doing this it is assured that the output video range and the input 
video range is identical. 
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As it can be seen from the values in the columns headed 8 bit output video data, 
for smaller input values, many input levels are mapped to the same output level. This 

is due to division by 255 and truncation. In other words, for darker areas, the 
quantisation step is higher than for the higher areas which corresponds to non-linear 

quantisation. In particular the values smaller than 16 are all mapped to 0 (this 
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corresponds to four bit video data resolution which is unacceptable for video signal 
processing). 

Dithering is a known technique for avoiding to lose amplitude resolution bits due to 
truncation. This technique only works if the required resolution is available before the \ 
truncation step. But this is the case in the present application, because the video 
data after degamma operation has 16 bit resolution and in the corresponding columns 
there are no two identical values. Dithering can in principle bring back as many bits 
as those lost by truncation. However, the dithering noise frequency decreases, and 
therefore becomes more noticeable, with the number of dither bits. 

1 bit-dithering corresponds to multiply the number of available output levels by 2, 2 
bit-dithering corresponds to multiply the number of available output levels by 4 and 3 
bit-dithering corresponds to multiply the number of available output levels by 8. 
Looking at the table above, in particular to the input values less than 16 reveals that 
at minimum 3 bit-dithering is required to reproduce the 256 video levels more 
correctly with the required grey scale portrayal of a 'CRT' display device. 
In the table above the columns headed 11 Bit Degamma Data contain the output data 
from the degamma unit. These values are derived from the values in the columns 
headed 16 Bit Degamma data by dividing them by 32 or better by truncation of 5 
bits. How these values are used in the dithering process will be explained later on. 

Next, the cell-based dithering will be explained in detail. 

With cell-based dithering as illustrated in Fig. 2 a dither number is added to every 
panel cell in contrast to every panel pixel as usually done. A panel pixel is composed 

of three cells: red, green and blue cell aligned in a video line for each pixel. The 
cell-based dithering has the advantage of rendering the dithering noise finer and thus 

making it less noticeable to the human viewer. 

Because the dither pattern is defined cell-wise, it is not possible to use techniques 
like error-diffusion, in order to avoid colouring of the picture when one cell would 
diffuse in the contiguous cell of a different colour. This is not a big disadvantage, 
because it has been observed sometimes an undesirable low frequency moving 
interference, between the diffusion of the truncation error and a moving pattern 
belonging to the video signal. Error diffusion works best in case of static pictures. 

Instead of using error diffusion, a new degree of freedom is added to the dither 
patterns. Starting from a 3 dimensional dither pattern, this leads to a 4-dimensional 
dither pattern. Before explaining the 4-dimensional dither patterns, it is advantageous 
to first understand the concept of a 3-dimensional dither pattern which has already 
been disclosed in a previous European Patent Application of the Applicant having the 
number 00250099.9. It is expressively referred to this document also for the 
disclosure of the new invention. 
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Fig. 3 shows one example for a 3-dimensional dither pattern. 3-bit-dithering is used 
in this example- This means that the dither numbers, have values from 0 to 7. The 
static 3-dimensional dither pattern is defined for a cube of 4*4*4 cells (4-lines with 
4 cells each, repeatedly taken from 4 frames). 

The use of a 3 bit-dithering requires that the degamma operation is performed with 3 
bits more than final resolution. The final resolution is supposed to be 8 bit resolution. 
The sub-field coding range is therefore from 0 to 255. Then the output range of the 
degamma operation should be from 0 to 2040. It is noted that the maximum dither 
number with 3 bit dithering is 7. If this number is added to 2040, the result is 2047 
which is the highest possible 11 bit binary number tfllllllllllL A slightly lower value * 
than 2040. e.g. 2032 could also be used. This has the advantage that the 
corresponding values can simply be derived from the 16 bit degamma data by 
truncating the 5 least significant bits. 

Some other examples derived from the table above: if sub-field coding range would 
be from 0 to 175, output range of degamma operation should be from 0 to 1400; 
and finally if coding range is from 0 to 127, output range should be from 0 to 1016. 
For every panel cell and for every frame, the corresponding dither pattern value is 
added to the output of the degamm a function, and consequently truncated to the final 
number of bits. 

The final bit resolution does not need to be necessarily 8 bit resolution. In another 
European Patent Application of the applicant having the application num ber 01250158.1 
an example is explained where the final bit resolution is 6 bits only due to a 
decimation of the set of input video levels in order to avoid dynamic false contouring. 
In this case 9 bit data words need to be provided by the degamma and rescaling 
unit, thus corresponding to truncation of 7 bits from the 16 bit degamma data words. 
If the video range Is from 0 to 36, then the output range of the degamma operation 
in 9 bit resolution should be from 0 to 10. 

The 3-bit dither pattern shown in Fig. 3 is static. This means that it is repeatedly 
used for the whole panel. From Fig. 3 it can be seen that the dither pattern is 
repeated in horizontal direction of the panel. However, it also repeats in vertical 
direction and in time direction accordingly. 

It is noted that the proposed pattern, when integrated overtime, always gives the 
same value for all panel cells. If this were not the case, under some circumstances, 
some cells could acquire an amplitude offset compared to other cells which would 
correspond to an undesirable fixed spurious static pattern. 

A problem of the 3-dimensional dither patterns is that mainly in static pictures having 
homogenous surfaces for some video levels some noticeable patterns can occur. This 
problematic can be seen for example for a video level of 1/8 after degamma 
operation, to be displayed with 3 bits of dithering. In this case, when the previous 

26-11 



PATENT APPLICATION 

dithering is applied, the pattern shown in Fig. 4 will appear on the PDP. The 
temporal integration of this pattern over the 4 frames gives for each color a checked 
pattern with 2x2 squares. This is illustrated in Fig. 5. This is a static pattern that also 
occurs in the following 4 frame periods as the pixels which have '0' in the Fig. 5 are . 
always 'off, while the others are 'on 4 once in four frames. This pattern is quite 
noticeable in big monochrome areas and also in an area having a dominant colour 
component. 

In Fig. 6 the temporal integration of the dither patterns are shown for the video levels 
0, 1/8, 1/4, ... 7/8. The displayed patterns are patterns for one colour component, 
nemely R. It is pointed out that the disturbing patterns will not only occur for these 8-. 

lowest video levels but also for the video levels 1, l&Jracl8;, H, l&»frac38 ; , and so 
on. Of course, as the human eye is more sensitive to relative luminance/chrominance 

differences, the most disturbing patterns are in the low video level range (dark 

scenes). 

This noisy static pattern could be reduced to a checked pattern twice smaller by the 
use of a modified 3-dimensional dither pattern, but in this case, the previous pattern 
will appear for another video level. 

Another idea to suppress this pattern could be to use a dithering based on 8 frames, 
but in this case the temporal frequency of the dithering will be too low, and so the 
problem of flickering will appear. 

In fact, it is not possible with only one 3-dimensional dither pattern to suppress all 
the noisy static patterns for all the dither values. It is therefore an idea of the 
invention to use more 3-dimensional dither patterns. This is equivalent with the 
concept of a 4-dimensional dither pattern which will be explained next. 
Fig. 7 shows an example of eight different dither patterns for the different video levels 
after degamma X, X&Jracl8 ; , X&Jrac38;, X#, X&*frac58 ; , X%, X*frac78; where X 
stands for any number 0 ... 255. Only the trivial dither pattern for the level X where 
all entries, are Zero is not shown. The depicted pattern is valid for the colour 
component R. The dither patterns shown in Fig. 7 could be written in the form of Fig. 
3, too. From the aspect of hardware or software expenditure for the implementation it 
is better to memorize the dither patterns in the form of Fig. 7, because here, for 
each cell only one single bit needs to be stored in memory. The evaluation of the 
entries in a dither pattern is performed in such a manner that in each case where a 
"1- entry is given the binary value tflll will be added to the input value and in each 
case where a "O* entry is given either no value is added or a Zero value is added. 
It need not be added a value less than seven in this case because for these values 
after truncation of the three least significant bits there will not remain an effect on 
the higher bits. In the illustration of Fig. 7 the truncation effect is already considered. 
The 4-dimensional dither pattern is defined in case of 3-bit dithering for a cube of 
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8 # 4,4*4 cells (8-level ranges, 4-plasma cells, 4-lines, 4-frames). It should be noted . 
that other alternatives of 4-dimensional dither patterns can be found. Other cubes 
can be defined and the patterns could also be differently defined. 

A problem is to find easily the right entries for a pixel because in each frame the . 
order is R,G,B,R. This problem can be solved by making simply a wrap around each 
time the four entries for a line have been read out. Then the next entry follows in 
the first entry of the same line and so on. However, as the processing for the colour 
components is done quasi in parallel, there is the problem of rightly incrementing the 

index counter for the table. The counter needs to be incremented three times for 
each colour component of a pixel and the dithering units for each colour components 

have to access the same memory having stored the dither pattern. The memory 
needs to be very fast because there cannot be much delay between the accesses of 

the dithering units to the memory in order to assure quasi parallelism. 

An alternative implementation is to memorize separately a table for each colour 
component per frame and per video level. In this case with a simple modulo-4 
counter the right entry will be easily found for each pixel. The counters can be 
incremented in parallel and that is easy to implement with a dock signal For the 
dither patterns of each colour component a separate memory can be used. This 
avoids problems with multiple access to a single memory. Fig. 8 shows the dither 
patterns for the different video levels and for the colour components R, G, B but only 
for the first frame. The dither patterns for the remaining frames are not shown, but 
they can be easily derived from Fig. 7. Both alternatives of dither patterns can be 
regarded as equivalent because they generate the same patterns on the screen. 
The dither patterns of Fig. 7 and 8 have been chosen in order to reduce the si2e of 
the noisy static patterns, line flicker, and also the noise introduced by asymmetries 
between the different dither patterns, 

Fig. 9 shows the temporal integration of these dither patterns like in Fig. 6. It is 
evident from this figure, that the size of noisy static patterns is really reduced. Instead 
of a checked pattern with 2*2 pixel blocks a checked pattern with 1*1 pixel blocks is 
generated. Of course, the checked pattern with M pixel blocks is less noticeable than 
the. checked pattern with 2*2 pixel blocks and so with dither patterns according to the 
invention, the picture quality is really improved. 

In Fig. 10 a circuit implementation of the invention is illustrated. Input R,G,B video 
data is forwarded to degamma unit 10. The degamma unit 10 performs the 11-bit 
degamma function and delivers 11 bit video data RGB at the output. The dither 
evaluation unit 12 computes the dither numbers: DR for red, DG for green and DB for 
blue based on the degamma data coming from degamma unit 10. To do that it 
requires the sync signals H and V to determine which pixel is currently processed and 
which line and frame number is valid. These information is used for addressing a 
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lookup table in which the dither pattern is stored The R, G and B components are 
used in this unit for evaluating the video level range of each component. In 
calculation unit 11 the resulting dither numbers and the degamma output values are 
added and the 3 least significant bits of the resulting data words are truncated so 
that the final output values R, G and B are achieved. These values are forwarded to 
a sub-field coding unit 13 which performs sub-field coding under control of control 
unit 16. The sub-field code words are stored in memory unit 14. Reading and writing 
from and to this memory unit is also controlled by the external control unit 16. For 
plasma display panel addressing, the sub-field code words are read out of the 
memory device and all the code words for one line are collected in order to create a 
single very long code word which can be used for the line-wise PDP addressing. This 
is carried out in the serial to parallel conversion unit 15. The control unit 16 
generates all scan and sustain pulses for PDP control It receives horizontal and 
vertical synchronising signals for reference timing. 

In Fig. 11 the components of the calculation unit 11 are shown. Reference number 110 
denotes the adder that adds the dither value DR, DG, DB to the the 11 bit degamma 
data R, G, B. Reference number 111 denotes the truncation stage in which the three 
least significant bits of the resulting 11 bit data words are truncated. Finally the 
resulting 8 bit data words are output and they will be used for sub-field coding in 
sub-field coding unit 13, 

Fig. 12 shows in more detail the structure of the dither evaluation unit 12 With 
reference number 120 the tables with the dither patterns are denoted. In order to be 
able to store the complete 4-dimensional dither pattern the memory range is 
subdivided in 8 sectors having each the dither patterns for one of the different eight 
possible input values corresponding to the entries in the three least significant bits of 
the input value. For the addressing of the memory the following components are 
provided. First, the input value is fed to a selector 121. The three least significant bits 
determine which value is required in pointer 122..This pointer points to the beginning 
of a memory sector. Furthermore, a set of three m o du I o-4 -counters 123 to 125 is 
provided. One is a frame counter 123, one is a line counter 124 and one is a pixel 
counter 125. The frame conuter 123 determines which of the 4*4 tables for the 4 
successive frames needs to be taken, The line counter 124 determines the line within 
the 4*4 table and the pixel counter 125 determines the position within the selected 
line. All the three modulo-4-counters are clocked by the same clock signal <i> that 
corresponds to the pixel clock in the PDP signal processing. The right address for 
memory addressing is determined by multiplying the entry in the frame counter by 16, 
multiplying the entry in the line counter by 4, and adding the resulting values plus the 
entry in the position counter to the pointer value of pointer 122. The entry in the 
resulting address is reed out and determines which dither value DR is output by the 
dithering evaluation unit 12. For this purpose a second selector 126 is provided. The 
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dither value 7 is output if the read out value is equal to T and the value 0 is 
output if the read out value is equal to "0". The components depicted in Fig. 12 
while shown only for the colour component R are also required for the other color 
components G and B. 

The invention can be used in particular in PDPs. Plasma displays are currently used 
in consumer electronics, e.g. for TV sets, and also as a monitor for computers. 
However, use of the invention is also appropriate for matrix displays where the light, 
emission/generation is also controlled with small pulses in sub-fields, i.e. where the 
PWM principle is used for controlling brightness. 

It is noted that the disclosed embodiment is an example and that the number of 
dither bits as well as the size and type of dither pattern can be subject of 
modification in other embodiments of the invention. 

(ST) g^SI £91 

Method for processing video picture data for display on a display device having for 
each pixel a number of luminous elements hereinafter called cells corresponding to 
the colour components of a pixel wherein a dithering method is applied to the video 
data to refine the greyscale portrayal in the video pictures, in which dither values 
derived from a dither pattern are added to data words representing the input video 
levels, , for different input video levels different dither patterns are used, wherein the 
entries in a number of least significant bits of the data word representing the input 
video level determine which of the dither patterns is to be used for the dithering 
process. 

Method according to claim 1, wherein a cell-based dithering is used and the dither 
patterns are 3 -dimensional dither patterns, wherein a first dimension corresponds to a 
number of video frames, a second dimension corresponds to a number of video lines, 
and a third dimension corresponds to a number of cells or pixels in a video line. 
Method according to claim 1 or 2, wherein the data words for the input video levels 
are transformed in data words having as much more bits than necessary for the final 
bit resolution as dither bits shall be used for the dithering method before they are 
input to the dithering process. 

Method according to one of claims 1 to 3, wherein the dithering method includes the 
step of truncation of the additional bits after the dither bits had been added to the 
transformed data word. 

Method according to claim 3 or 4, wherein the transformation of the data words is 
done in a degomma calculation step in which the input video levels ere amplified in 
order to compensate for the gamma correction in the video source. 
Method according to one of claims 3 to 5, wherein the transformation of the data 
words is done in a rescaling step in which the input video levels are linearity 
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translated into data words having as much more bits than necessary for the final bit. 
resolution as dither bits shall be used for the dithering method. 
Method according to daim 6, wherein the rescaling step is based on a decimation of 
the set of admissible input video levels so that the final bit resolution is lowered. 
Use of the method according to one of the previous claims, for the video signal 
processing in a plasma display device 

Apparatus for processing video pictures for display on a display device 07) having a 
plurality of luminous elements corresponding to the colour components of pixels of a 
video picture, said apparatus comprising a dither unit (11, 12) that calculates dither 
numbers (DR,DG,DB) which are added to video picture data in an adder (110), 
thereafter a number of least significant bits of the resulting data word is truncated in 
a truncation stage (111), the dither unit (11, 12) comprises a table of different dither 
patterns (120) for different entries in a number of least significant bits of the data 
word representing the input video level and a selector (121) that assigns to a given 
video level one of the dither patterns (120) stored in the table according to the 
entries in the least significant bits of the data word representing the input video level. 
Apparatus according to daim 9, wherein the dither patterns in the table are 3- 
dimensional dither patterns with a first dimension corresponding to a number of video 
frames, a second dimension corresponding to a number of video lines, and a third 
dimension corresponding to a number of cells in a video line or a number of pixels 
in a video line, and the table is addressed by means of a frame counter (123), a 
line counter (124), a cell/pixel counter (125) and a pointer 022) that is set by the 
selector (121). 

Apparatus according to claim 9 or 10, wherein the entries for the dither patterns 
(120) in the table are 1-bit numbers and the apparatus comprises a further selctor 
(126) that outputs the maximum possible dither number according to the specified bit 
resolution for the dither numbers if a "P -entry has been read out of the table or 
that outputs avalue less than the maximum possible dither number if a "0 w -entry has 
been read but of the table. 

Apparatus according to one of claims 9 to 11, wherein for each colour component 
(R,G,B) a particular table of dither patterns is provided in the dither unit (11, 12). 
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